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Abstract: Scheduling concerned with searching for optimal (or near optimal) solution subject to a number of constraints. It is a 
problem of machines allocation over time to jobs completion. In real-world application, scheduling parameters are not always 
precise due to a variety of unexpected disruption such as machine breakdown, operator illness, unavailability of tool etc. Thus, 
deterministic scheduling approaches which rely on precise data are not suitable to cater this environment. Fuzzy logic allows the 
modelling of imprecise scheduling knowledge with linguistic variables defined by membership function showing the degree of 
preciseness of the data and the reasoning about the imprecise data using fuzzy rules. In this paper, we consider a dynamic job 
shop scheduling problem of finding an optimal policy to process n jobs on m machines even if machine(s) breakdown occurs. 
Fuzzy Tabu search approach for a real world job shop problem will be applied to find a feasible solution which minimized the 
makespan. 
 
1. Introduction 
The job shop scheduling problem which minimizes the make 
span of a schedule has been extensively studied. The 
problem can be briefly stated as follows: consider a set of 
jobs and a set of machines. Each job consists of a set of 
operations and each of the operation uses one of the 
machines for a fixed duration. Each machine processes at 
most one operation at one time. Furthermore, over the 
temporal horizon, schedules must describe activities to a 
particular temporal granularity. The temporal granularity of 
schedule depends upon the duration of the activities and the 
degree of uncertainty in the environment (Fox & Sadeh 
1990) 
 The objective of the scheduling problem is to find a 
schedule which minimize the maximal make span of the job. 
The scheduling itself is an assignment of operations to time 
interval on the machine (Pinedo 2002). It is usually 
formulated as search space of schedule, which is called a 
discrete or combinatorial optimization problem (Lee 2005). 
Furthermore, temporal granularity of a schedule depends  
Dynamic problems are such types in which jobs arrive 
randomly over a scheduling period and the scheduler has no 
information on the jobs prior to scheduling them. 
Unexpected events on shop floor, such as machine 
breakdowns or longer than expected processing time, also 
have to be taken into account because they may have a major 
impact on the schedule. If unexpected event occurs, 
rescheduling is necessary to revise existing schedule. 
Rescheduling is related to order release; if order release (jobs 
arrival) are not predictable, processing cannot begin until the 
jobs is scheduled, so either rescheduling must be done when 
the job arrives or  the job must be wait until the next 
rescheduling (Hermann, 2001). Order release controls the 
manufacturing system’s input by determining which order 
(or jobs) should be moved into production.  
In this work, we draw upon concepts from fuzzy set theory 
to describe the imprecision and uncertainties in the due dates 
and processing times. With the fuzzy set theory, it is possible 
to map and precisely process both sharp information and 
inexact quantifiable information (and vague information 
respectively) in a uniform way (Eiden 2004). Most of the 
work in applying fuzzy set theory to scheduling optimization 
has primarily focused on using heuristic search such as 
simulated annealing (Fortemps 1997) and genetic algorithm 
(Petrovic & Geiger 2004) to obtain near-optimal solution. In 
this paper Tabu search is proposed to improve the initial 
solution for solving job shop scheduling problem with 
uncertainty. 
 
2. The Problem 
Consider n different jobs that have to pass through m 
processing machines. A machine can process only one job at 
a time and we assume that the order of jobs cannot be 
changed once the processing has begun. The problem is 
finding a schedule of the operations on the machines, taking 
into account the precedence constrains, that minimizes the 
makespan Cmax i.e. the finish time of the last operation 
completed in the schedule. 
Let Fj represent the finish time of operation. A schedule can 
be represented by a vector of finish time (F1, F2,…., Fn, Fn+1). 
The objective function is shown in (1) 
 
 Minimize 
1+nF (Cmax)   (1) 
 
The objective function (1) minimizes the finish time of 
operation n+1 (the last operation), and therefore minimizes 
the makespan, subjected to fuzzy constraint di and pi that 
represent due date and processing time respectively.  This 
experiment will be conducted on 10 jobs and 5 machines 
problem.  
 
3. Fuzzy Model 
In most cases schedules are made so as to optimize the 
performance criteria with respect to the due date of the ith 
job denoted by di and Ci, the completion time of ith job. We 
define lateness Li and tardiness Ti of the ith job as 
 
  Li = Ci - di           (2) 
and  
  Ti = max {Li,0}         (3) 
  * Corresponding author : p34932@ftsm.ukm.my 
Proceedings of the International Conference on
Electrical Engineering and Informatics
Institut Teknologi Bandung, Indonesia June 17-19, 2007
B-92
ISBN  978-979-16338-0-2 663
 Generally, the firmness of a due date greatly depends on the 
customer placing the order or the character of the product to 
be produced and it varies from order to order (Kuroda & 
Wang 1996). Fuzzy due date can be defined to express the 
satisfaction degree of the decision maker for completion 
time of job. Membership function of due date is represented 
as  
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where mi is the margin of tardiness for ith job. Figure 1 is a 
graphic representation of due date’s membership function. 
 
Figure 1 Membership function of due date 
  
Next, the uncertainty factor must be addressed. Therefore, to 
describe the uncertainty of processing time due to the 
uncertain environment, we used triangular membership 
function based on the work of Petrovic and Song (2003).  
Figure 2 show the triangular membership function of a fuzzy 
set P
~
, P
~
= ),,( cba , which represent a processing time of a 
job on a machine.  
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Figure 2 Membership function of the fuzzy set P
~
 describing 
processing time of a job on a machine 
 
The membership value has its modus at b, while a and c 
denote the lower bound and upper bound of the processing 
time, respectively. The values a, b and c are interpreted as 
pessimistic, moderate and optimistic value of the processing 
time. The membership value of x, denoted by  
+
! Rxxp ),(~µ  
represent how likely x is to occur given P
~
. Using (4) we 
obtained 
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assumming that a fuzzy set P
~
 is continuous. 
 
4. Solution Approach 
As a solution to the problem we apply searching algorithm 
which consists of greedy algorithm for obtaining initial 
solution and Tabu search to improve the solution. 
 
4.1 Greedy Algorithm 
This algorithm (modified from Cormen et. al. 2001) executes 
a deterministic simulation. At each iteration, an executable 
task is described in Figure 3  
 
 
 
 
 
 
 
 
 
 
 
 
    
  Figure 3 Pseudo-code of Greedy Algorithm 
 
Step 1:   define n = length of s; n is number of jobs 
Step 2:  A is a set of job selected. 
  Set A to the first job 
Step 3:  Set J to 1; J is completion of job 1 
Step 4: Iteration for job 2 to job n 
Step 5:  Job selection activity 
If start time of job Ji !  finishing time of job Jj then 
job Jj will be selected and will be recorded in set A 
Step 6:  Calculate completion time (makespan) 
4.2 Improvement Algorithm 
To improve the initial solution of greedy algorithm we 
propose Tabu search. Tabu search is a metaheuristic 
designed for finding near optimal solution of combinatorial 
optimisation problem. It consists of several elements called 
the move, neighbourhood, initial solution, search strategy, 
memory, aspiration function and stopping rules. The 
working of the tabu search (short term) algorithm is 
explained (Ponnambalam et.al 2000):  
Step 1: 
Select an initial solution 1x in )( 1 XxX !  
Initialise the best value *F  of F  and the corresponding 
solution *x  
n ← Lengths[s] 
A ← {1} 
j ← 1 
For i ← 2 to n 
       do   if  si ≥ fi 
                    then   A ← A U {i} 
                             j ← i 
max
C = !
=
n
i
C
1
   
return A 
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 *
F )( 1xF!  
 *x
1
x!  
 F  = objective function 
 Tabu list (TL) is empty 
Step 2:  
Iteration n = 1, 2,3 … ; nx  denotes the current solution 
F = best accessible value of F  met during the exploration 
of the sub neighbourhood )(1
n
XV  
 x = solution in )(1
n
XV for which FxF =)(  
 Assign to F to “! ” at the beginning of the each 
step. 
    For all x in )(1
n
XV  
 If FxF <)( (if the move )( xx
n
! is not tabu or if 
the move is tabu but passes the aspiration criterion) 
       then F )(xF!  
       and xx!  
    Reset xx
n
!+1  
    If *FF <  then, 
     xx !* and FF !*  
    
 The appropriate characteristic of the move 
)( 1+! nn xx enters the Tabu list once the first entered 
characteristic has been removed if the list was full. 
 
Step 3: 
If the stopping criterion is fulfilled, then STOP 
 
5 Domain Application 
We have chosen an educational institution which has a 
strong link with industry as our case study. As an 
educational institution, it has a myriad of industrial 
machineries, tools and materials to produce high quality 
industrial products ordered by the respective industries. The 
production line also mirrored to those in industrial 
complexes albeit at a smaller scale.  
We have conducted an information gathering exercise in 
April 2007. Our experimental setup will be for the 
production line of milling process. In this experiment, the 
process will consist of 10 jobs working on 5 different 
machines. The objective function is to minimize the 
makespan Cmax, subject to machine breakdown. The 
constrains involved will be due date di and processing time pi 
of a job interrupted by a breakdown 
6 Conclusion and Future Work 
In this paper we proposed a fuzzy model for job shop 
scheduling problem with the uncertainty. We used greedy 
algorithm to generate initial solution. As our future work we 
will employ greedy and Tabu search as an improvement 
algorithm to obtain feasible solution that can minimize the 
makespan.  
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